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Introduction
Natural food supplies for wild animals fluctuate with time in both quality and quantity. Examples are many: periodical occurrence of certain seeds in annual cycles or irregular mass occurrence of others only once for several years (mast years) (Jensen 1982 , 1985 , Tchernyshev et al. 1985 , and also the gradations of invertebrates -again spaced by years (Koehler 1957 , Szujecki 1988 . Both seeds and invertebrates are important food items in diet of many rodents.
The new food appearing in the environment may occur on large areas or be limited to certain points. In mast years of oak Quercus robur L. or beech Fagus sylvatica L. in the forest habitats with predomination of these species there is a simultaneous occurrence of large quantities of seeds over large area. On the other hand, sporadic appearance of some plant species, or periodic occurrence of plant seeds are examples of point sources of new foods. The literature of the subject does not provide information how fast the animals are in finding the new sources of food and for how long they remember the emergence of new food at a particular site.
The aim of this project was to assess, on the example of a forest rodent population, the speed of locating newly emerging sources of food and to study the response to its withdrawal. Periodic occurrences of new sources of food were simulated by offering oat grain at forest sites. A working hypothesis was: the longer time of oat grain exposure, the greater number of rodents having a chance of finding and using it. As a result, when traps are set at sites of long time of oat grain exposure they should remove more rodents than those put in sites with short-term exposure. Withdrawal of new food should, after some time, be reflected in falling numbers of rodents trapped at the places where food have been previously offered.
Study area, material and methods
The study was carried out in a 300-ha forest in the zone adjacent to Suwałki National Park in northeastern Poland (<p = 54°8' N, A = 22°53' E) close to Turtul locality. It was not too diverse in respect to soil fertility, composition and age of forest stands (Table 1) . Past introduction of conifer species caused habitats to shift towards conifer forest type. Undergrowth layer was dominated by Corvlus avellana L., Sambucus nigra L., Daphne mezereum L., while the herbaceous layer was not evidently dominated by any particular species with Pteridium aquillinum Kuhn., Fragaria vesca L., Rubus idaeus L., and Aegopodium podagraria L. equally abundant. The experiments were carried out in July and August 1986. Oat grain was offered in 10 groups of stations (23 in each) arranged in single lines and spaced 100-150 metres. The number of stations was determined by the size of forest and the necessity to space stations with traps. The choice of stations was decided in a way minimalising the variability of vegetation cover both between stations and between their groups (Table 1) . In each station, four fundamental features of habitat were assessed namely those regarded by Geuse (1982) , Hansson (1978) , and Mazurkiewicz (1984 Mazurkiewicz ( , 1986 as the most essential for rodents. They were: (1) cover by herbaceous vegetation, (2) diversity of herbaceous vegetation, (3) hidings (fallen trees, heaps of dead branches or stones, etc.), (4) diversity of forest stands. Each feature was rated within four-point Table 2 ). The time of locating a new source of food by rodents was studied in five groups of stations (Table 3) . At each station, oat grain was offered in 2 plastic containers of 0.25 1 each. The durations of exposure were 1,2, 3,4, or 5 days in various groups of stations. The oat grain supply was replenished daily. After the time of new food exposure had expired, the rodents were removed during five following days by trapping in five snap traps (with bait of sponge soaked in fried soya-bean oil and flour) set within 1 m 2 in each station where oat grain was once offered.
The response of bank voles toward the withdrawal of new food source was studied in four groups of stations. At each station, oat grain was offered during three days in a row (Table 3 ). In the third day oat was .Ë a Q £ removed to the last grain, and a five-day trapping session followed with variable timing. The trapping started either immediately or was delayed by 1, 3, and 5 days after the food withdrawal.
The control series consisted of another 23 stations where trapping was carried out in the same manner. The trapping session were scheduled to start at the same time at all series.
The rodents collected were identified to species, sexed, weighed and dissected to establish reproductive status of both males and females. Apart from the bank voles Clethrionomys glareolus (Schreber, 1780), there were also yellow-necked field mice Apodemus flavicollis (Melchior, 1834), and striped field mice Apodemus agrarius (Pallas, 1776) collected. In all, 1041 rodents were trapped -407 in summer, 634 in winter.
Results
The effect of site on rodent numbers was estimated by evaluating each station where oat grain was offered and rodents collected. It was established that the variation between stations was small enough not to influence the quantitative outcome of trapping. To ensure this uniformity, the scores for four characteristics of the environment were summed up for each site. Next, one-factor analysis of variance was used for to compare combined scores for each station both between groups of stations and between the groups. There were no statistically significant differences in combined scores between particular stations. It meant that all the stations within groups and also groups themselves were similar in respect to its environmental value to rodents.
To check if the rodents had the same chance to be trapped at any station, an Rho Spearman test approximated to Student test was used (Steel and Torrie 1980) . This procedure allowed correlating (in both seasons and in all experimental series) the number of rodents trapped at each station with the evaluation scores for each of four features of that particular site. In all, 80 situations were considered (10 groups of stations x 4 evaluated features x 2 seasons). The test revealed the statistically significant differences in only 14 cases (Table 4) . They were dispersed randomly in respect to both season of experiment and space (group of stations involved). In the remaining 66 cases the differences were not significant. It allowed assumption that no group of stations was preferred in rodent removal because of special features of the environment.
The rodent fauna in the study area was dominated by the bank vole (82.9% in summer, 69.2% in autumn). The yellow-necked field mouse constituted 15.9% of summer, and 23.1 % of autumn bag. The occasional occurrence of the striped field mouse was limited to the forest edges. Because of the extent of the bank vole domination in the rodent community it was decided to study the response to both emergence and withdrawal of new food source only in this species.
To determine the actual number of voles coming to stations with oat grain offered, a method establishing simple regression between the number of days of trapping and a sum of voles trapped was used (De Lury 1947 , Hayne 1949 . For each series of experiment regression equations were calculated (Table 5 ). The correlation coefficients were high and statistically significant. When y was assumed to be 0, the equations yielded the number of voles (jc) coming to the stations with oat grain (Fig 1.) . In summer and autumn, the same number of voles was locating the new food source in both control stations and those with oat offered during 1, 2, 3, and 4 days. That was indicated by the same direction of regression lines (summer, F=2.61, p>0.05, v, =4, v 2 = 17; autumn, F= 2.48, p > 0.05, v, = 4, v 2 = 17). In autumn, there was an increasing trend in the estimated number during the initial four days of exposure. It was not earlier than in the fifth day when significantly higher number of voles was locating the new food source (the regression lines were not parallel (summer, F=5.24, /?<0.05, v, = 5, v 2 = 18; autumn, F= 4.88, p<0.05, v, = 5, v 2 = 18. The response of C. glareolus toward the withdrawal of the new food source was studied in the same way as in case of locating it, i.e. regression equations were used to assess the number of rodents coming to the station where oat grain was previously offered. The numbers varied among various groups of stations (Fig. 2) . In both summer and autumn, there were similar numbers of voles visiting control series stations and coming to the stations where the trapping began after a shortest interval (24 hs) following food withdrawal. With longer intervals passing between the food withdrawal and the beginning of trapping (up to 5 days), the number of voles decreased F= 7.24, p < 0.05, v, = 4, v 2 = 17) . The drop in number of voles coming to the stations where oat grain had been previously offered was greater in summer than in autumn.
Discussion
Lacking differences between the numbers of voles coming to the stations where no oat was offered and those visiting the stations where oat grain was exposed for 1, 2, 3, or 4 days indicated that a bait of soya-bean oil and flour was attractive enough to drawn the voles from the vicinity. The effect of oat grain appeared only in the fifth day of exposure. This fact allowed conclusion that oat grain was also an attractive item, as its longer exposure (5 days) could cause the numbers of voles trapped at the stations to increase compared with stations where no additional food was offered. Such attractiveness of oat grain has, since long, been emphasized by many authors (Drożdż 1966 , Hansson 1971 , Jensen and Frost 1986 .
A surprising result was obtained after introducing a time interval between oat grain exposure and setting traps in a given station. The withdrawal of oat for some time preceding trapping caused the number of voles coming to the station to drop compared with control stations and those where trapping immediately followed the period of grain exposure. These numbers decreased still further when this time interval extended (up to 5 days after the withdrawal). It would suggest that some of the voles having found no oat at certain station changed their area of penetration and hence the oil bait could not attract them back to the places where oat had been previously offered. Perhaps they looked for food in "another area" rather than in places where the food had been exhausted. Time in which the voles returned could not be assessed because it was apparently longer than five days during which the rodents had been removed.
The phenomena follow the same pattern in summer and autumn, although they are more pronounced in autumn. It may be associated with higher population density of rodents in autumn (following seasonal increase in numbers).
The outcome of the experiment indicates that the process of locating new sources of food is very fast. The results cannot warrant speculations if it is a direct effect of C c intensive penetration of the area or if it reflects high olfactory abilities in locating new food. It is possible that both factors participate in the process. When the food disappears at certain site, some voles penetrate "other" areas keeping out of the places where food is no longer available. However, some of the individuals are ready to return immediately and find food at sites where it has previously been present.
